ABSTRACT The Biocheck.UGent scoring system has been developed to measure and quantify the level of biosecurity on broiler farms. This tool is composed of all relevant components of biosecurity on broiler farms and is subdivided into external (purchase of 1-d-old chicks, off-farm movements of live animals, feed and water supply, removal of manure and dead birds, entrance of visitors and personnel, supply of materials, infrastructure and biological vectors, location of the farm) and internal (disease management, cleaning and disinfection, materials, and measures between compartments) biosecurity. The unique feature of this scoring system is that it takes the relative importance of the different biosecurity aspects into account, resulting in a risk-based weighted score. The Biocheck.UGent scoring system and accompanying questionnaire can be filled in for free at www.Biocheck.UGent.be. The obtained biosecurity scores are provided immediately after completion of the questionnaire, and the scores for each subcategory can be compared with national averages to allow the farmer to benchmark the obtained results to his colleagues. Preliminary results (n = 15) show a huge range in the biosecurity level on broilers farms in Belgium, with internal biosecurity scores ranging from 54/100 to 87/100 and external biosecurity scores ranging from 55/100 to 72/100. These first results show that despite the well-known importance of biosecurity, there's a lack of implementation of many biosecurity measures and room for improvement.
INTRODUCTION
In highly organized and intensive broiler production, every disease outbreak has a major effect on health and welfare, leading to a decreased technical performance and profitability. Shorter production cycles, through improved genetics and diet, have led to the fact that there is little recovery time for animals after a disease outbreak (Butcher and Miles, 2012) . In case of endemic diseases, disease outbreaks will predominantly result in economic losses for individual farmers, whereas in case of epidemic diseases, the entire poultry production sector may be involved through mandatory preventive measures such as quarantine or destruction of poultry (Carey et al., 2005; Tablante, 2008) .
It is therefore of great importance for broiler producers to prevent disease outbreaks rather than to cure them. An additional challenge is that because of the increasing development of antimicrobial resistance in veterinary and human medicine, this prevention should not be achieved through an increased prophylactic use of antibiotics (Eijck and De Wilt, 2009) . As a result, biosecurity, defined as all measures taken to prevent both the introduction and the spread of infectious agents on the farm (Barcelo and Marco, 1998) , is of key importance in the concept of animal disease prevention.
Despite the recognized importance of biosecurity, it is known from practice and research that there are still serious shortcomings in the application of preventive measures on poultry farms (Van Steenwinkel et al., 2011) . Moreover, biosecurity at the farm level provides the foundation for biosecurity of the entire production chain (Siekkinen et al., 2012) .
In scientific literature, a large number of risk factor studies, related to infectious diseases in poultry, is available. Based on these studies, many risk factors and their associated preventive measures have been identified, but always in the function of one specific disease (Kouwenhoven et al., 1978; Wolgemuth, 1989; Kapperud et al., 1993; Liljebjelke et al., 2005; McQuiston et al., 2005; Capua and Marangon, 2006; Hermans and Morgan, 2007) . At this time, no quantitative information is available regarding the reverse analysis, which is based on whether or not certain biosecurity measures are applied and the possible relationship between the biosecurity level at broiler farms and animal health, technical performance, antimicrobial use, and profitability of the herd. One of the assumed reasons for the absence of this type of study is the lack of an objective biosecurity quantification system.
The aim of this study was therefore to describe a newly developed risk-based weighted scoring system for the biosecurity level in broiler farms and to describe the use of this system on a pilot group. At the same time data about antimicrobial use and technical performances were collected to investigate the possible relationship between biosecurity, technical performances, and antimicrobial use.
MATERIALS AND METHODS

Development of a Biosecurity Scoring System
Biosecurity Questionnaire. The Biocheck.UGentpoultry questionnaire aims at describing the complete biosecurity situation at a broiler herd. Questions are asked on each relevant aspect of the biosecurity to determine whether a preventive measure is applied or whether a specific situation is present or absent. The questionnaire is a result of a thorough literature study on disease transmission in poultry, from previous obtained information during the development of the Biocheck.UGent tool for pigs (Laanen et al., 2013) and the biosecurity questionnaire of the Federal Agency for the Safety of the Food Chain of Belgium.
A thorough literature study was performed by consulting present literature about disease transmission in poultry. All possible transmission routes were included such as airborne transmission, food-borne transmission (e.g., Salmonella spp., water hygiene, and so on), vector-borne transmission (e.g., personnel, wild birds, insects, litter, equipment, rodents or pets, and so on), and environment (e.g., cleaning and disinfecting the poultry house, and so on). Information on general biosecurity procedures that are equal for every animal species (e.g., equipping the hygiene lock, hygienic protocol before entering the stable, and so on) was obtained from the Biocheck.UGent tool for pigs.
Besides a literature study and the Biocheck.UGent tool for pigs, the Federal Agency for the Safety of the Food Chain biosecurity questionnaire was consulted. This questionnaire has to be filled in annually by all professional poultry farmers together with the veterinarian and aims at monitoring all different pathways and management factors that may lead to the introduction of avian influenza and the possibility of spread once infection is present (AFSCA, 2012) .
Subsequently, all measures that prevent the introduction of pathogens-through blocking the different pathways, breaking the infection cycle, or both-were filtered from the information sources mentioned above and grouped into several (sub)categories of biosecurity.
The scoring system is separated into 2 main categories, external and internal biosecurity, and comprises 79 questions on different biosecurity measures. The questionnaire has been designed in such a way that the biosecurity management of the broiler farm is questioned in detail without having an excessive number of questions. External biosecurity (51 questions) comprises all measures preventing the introduction of off-farm pathogens and is subdivided into 8 subcategories: purchase of 1-dold chicks, off-farm movement of live animals, feed and water supply, removal of dead animals and manure, entrance of visitors and personnel, supply of materials, infrastructure and biological vectors, and location of the farm. Internal biosecurity (28 questions) includes all measures that aim at preventing the within-herd spread of pathogens and is subdivided into 3 subcategories: disease management, cleaning and disinfection, and materials and measures between compartments. The amount of measures that are taken into account within each subcategory range from 2 to 17.
The questionnaire can be consulted for free on the website http://www.Biocheck.UGent.be.
Prioritization of Different Biosecurity Measures. Given that not every pathway of disease transmission has the same efficiency, biosecurity measures are not all equally important in ensuring the health of farm animals.
It is well known that direct contact between animals [e.g., purchase of live animals, several animal groups (ages) on one poultry farm, possibility of free range of poultry, and so on] poses a higher risk, whereas indirect contacts (e.g., transmission of pathogens by rodents, sharing of material between different farms, and so on) are less efficient in the transmission of pathogens (Amass and Baysinger, 2006) . This efficiency in disease transmission has been taken into account in the biosecurity scoring system by weighing the different preventive measures accordingly.
The prioritization and weighing of the various biosecurity measures and (sub)categories has been done by an expert panel consisting of 16 different experts, each with their own area of expertise. Epidemiologists, veterinary practitioners, microbiologists, and hygiene specialists were included to provide a balanced view on the importance of individual measures. The method of Gore (1987) was used to quantify the effect of a specific measure on disease prevention. In accordance to this method, each expert was given a total amount of 100 weight points that had to be distributed over the different subcategories in function of their relative importance. Subsequently, the experts had to give a weight, ranging from 0 to 10, to each preventive measure within the associated subcategory. For each question related to a biosecurity measure different answers are possible, and for each answer a score can be obtained ranging from 0 to 10. All results of the experts were combined afterward and the averages were calculated and translated into weights of subcategories as well as questions. By doing so, the scoring system is risk-based and weights are included both at the level of the subcategories as well as at the level of the individual questions.
The expert panel considered external biosecurity to have a larger effect on the biosecurity level of a broiler farm than internal biosecurity. Within the category of external biosecurity, the following subcategories and their corresponding preventive measures were considered to be most important: off-farm movements of live animals, entrance of visitors and personnel, and infrastructure and biological vectors. Within the category of internal biosecurity, the subcategory cleaning and disinfection was pointed out as most important for the prevention of diseases.
Besides the efficiency in disease transmission of a specific transmission route, the scoring system also takes into account the frequency that a transmission route occurs (Fèvre et al., 2006) . When a specific indirect contact with a relatively small probability in transmission of disease occurs at a high frequency, this transmission route will pose a substantial risk (Laanen et al., 2013) and therefore receives a higher estimated effect.
Quantification of the Biosecurity Level. Based upon the different weights given by the expert panel to each biosecurity measure and (sub)category a final weighted and risk-based score is calculated. To obtain this score, each answer to a specific question receives an individual score between 0 (= total absence of preventive measure or full presence of risk) and 1 (= full presence of preventive measure or total absence of the risk).
This score is subsequently multiplied by the weight of the specific question to obtain the relative result of the question. Next, all the results of the individual questions within a subcategory are summed up and divided by the maximum score that can be obtained in the subcategory. This proportional result of the subcategory is then multiplied by the weight of the subcategory to obtain the subcategory score. The final score of the internal and external biosecurity is the sum of the different subcategory scores. The overall biosecurity score is the sum of the external and internal biosecurity score. Due to the different relative weight, the external biosecurity score counts for 70% and the internal counts for 30% in the total biosecurity score. For the ease of interpretation of the results, category and subcategory scores are recalculated each time to a score on 100 and presented as a percentage in the reports (Figure 1 ).
To illustrate this scoring system, the external biosecurity subcategory location of the farm is selected (Table 1) . This subcategory has a relative weight of 7 within the 70 points allocated to the external biosecurity. Within the subcategory there are 4 questions. Some of these only have a yes/no answer translated into 1 or 0 points, whereas other questions (e.g., number 2, distance to nearest poultry farm) have more potential answers resulting in intermediate scores such as 0.5. Assume that in a specific herd the answer to a question with the subcategory location of the farm (Table  1) which is 0.61 or 61%. This score is then multiplied by the subcategory weight (0.61*7 = 4.27) to obtain the final share of this specific subcategory in the total biosecurity score.
These calculations are automatically performed online after filling in the questionnaire on the Biocheck. UGent website.
Reporting of the Biosecurity Level. The questionnaire and accompanying scoring system can be filled in online for free at http://www.biocheck.ugent.be. Based on the answers given in the questionnaire, a farmer obtains a score between 0 and 100 for both external and internal biosecurity and the corresponding subcategories.
Immediately after completing the questionnaire, which takes between 20 and 30 min, all scores of the different subcategories are calculated online and shown in a table together with the average scores in Belgium (Figure 1 ). This enables the farmer to benchmark the obtained results against his colleagues. The deviation of an obtained score from 100 also indicates the potential range for improvement (Beek, 2008; Laanen et al., 2010) . Through the Biocheck.UGent website, additional information on the importance of the related preventive measures is obtained through a hyperlink for each subcategory. The obtained results are also displayed graphically in a spider web graph ( Figure 2 ) allowing rapid visual identification of any bottlenecks in the biosecurity management at the farm. The different axes of the spider web graph represent the associated subcategories within external or internal biosecurity. Every score obtained by the farmer for a specific subcategory is plotted on the related axis. Subsequently, all plotted scores are connected with each other, forming an orange-colored geometrical shape that represents the magnitude of the external or internal biosecurity level of the farm. The green-shaped geometrical figure represents the average magnitude of external or internal biosecurity of the participating broiler farms.
Evaluation of the Scoring System
The scoring system was evaluated at 15 Flemish broiler farms to check for usefulness of the system and Table 1 . The weight for the category external biosecurity (70), the subcategory location of the farm (7), the weight for the different measures, and the score that can be obtained according to the answers Figure 2. Benchmarking of obtained biosecurity scores against the average through a spider web graph. Color version available in the online PDF. quality and unambiguity of the different questions. The obtained scores were also discussed with the farmer and the veterinarian to evaluate to what extent the findings of this evaluation were in accordance with their personal estimation of the farm situation.
Selection of Broiler Farms. A list of 41 randomly chosen broiler farms was provided by the nonprofit organization Belplume (Brussels, Belgium). Belplume represents all organizations of the broiler production chain and is the driving force behind the quality system within the Belgian broiler production chain.
Subsequently, all 41 poultry farmers were contacted by phone and asked for their cooperation on a voluntary basis. Farmers who declined to take part were asked to explain their reasons for not participating.
Collection of Data. All data of the first Biochek. Ugent audit were collected between May 2012 and January 2013 through a personal interview at the farm. All broiler farms were visited by the same investigator so that interviewer bias could be minimized as much as possible and interfarm comparability was ensured.
After the interview was conducted and the questionnaire was filled in, all poultry houses were visited and photographs were taken. The inspection of the different poultry houses was performed to allow a comparison of the answers given by the farmer and the present situation in the flock. An average flock visit took 2 h. If during the inspection it appeared that the given answers on the questionnaire did not match the reality, the poultry farmer was notified and the given answer was changed. During the visit, no comments were made by the investigator on the given answers.
Afterward, a report of the obtained biosecurity scores was made. In this report, the current biosecurity management was described based on the questionnaire and additional information was given about the importance of the biosecurity measures. Bottlenecks of the biosecurity management were highlighted by using the spider web graph, and specific advice was given to improve the biosecurity situation of the herd. A second audit was performed within 1 yr after the given advice to evaluate the changes.
Besides information about biosecurity measures, data on technical performance and antimicrobial use was also collected during both audits. During the first audit this data was retrospectively collected of the past year, while during the second audit data was collected of the last 2 production cycles.
By consulting the farmers administration and slaughterhouse documents, 5 technical parameters were calculated for every production cycle by using the following formulas:
where M1 = number of dead animals during the first week, S1 = number of euthanized animals during the first week, n = total number of live animals at d 1.
Total mortality
where Mt = number of dead animals at the end of the production cycle, St = number of euthanized animals at the end of the production cycle, n = number of live animals at d 1.
Average daily growth
Wpd Npd Wtd Ntd
where Wpd = average weight at partial depopulation time, Npd = number of animals that went to the slaughterhouse at partial depopulation time, Dpd = age of the animals at partial depopulation time, Wtd = average weight at the end of the production cycle, Ntd = number of animals that went to the slaughterhouse at the end of the production cycle, and Dtd = age of the animals at the end of the production cycle.
Feed conversion
where Ft = total feed intake of the flock at the end of the production cycle, Wc = chick weight at d 1, Wpd = average weight at partial depopulation time, Npd = number of animals that went to the slaughterhouse at partial depopulation time, Wtd = average weight at the end of the production cycle, and Ntd = number of animals that went to the slaughterhouse at the end of the production cycle.
Performance index 100 total mortality ADG
where the PI is an economic parameter that quantifies the production efficiency and FC is feed conversion. To quantify the antimicrobial use (AMU), official veterinary prescription documents were used. The treatment incidence (TI) per thousand animal days based on the defined daily dose animal (DDDA) expressed in milligrams per kilogram was calculated according to the method described by Timmerman et al. (2006) for every production cycle to be able to compare the AMU between both audits and farms. TI = amount of antimicrobials administered (mg) DDDA the p × e eriod "at risk" kg of animal × ×1 000 , ,
where the period "at risk" = the total length of the production cycle expressed in days.
Statistical Analysis
Due to the small number of participating broiler farms and therefore the limited data set, the statistical analysis was narrowed down to descriptive statistics. The average, minimum, maximum, and SD were calculated for AMU, technical results, and biosecurity (Tables 2, 3 , and 4).
RESULTS
As described above, the biosecurity scoring system is subdivided in 2 categories (external and internal biosecurity) and 11 subcategories. First, the content and relative importance of each of these subcategories is described.
External Biosecurity (70/100)
Purchase of 1-d-Old Chicks (Weight: 8). Besides the possibility of infection at the hatchery, 1-d-old chicks may also be carriers of vertically transmitted (from hen to chick) pathogens such as Mycoplasma spp. (Lister, 2008) . It is therefore important to have knowledge of the sanitary status of the broiler breeder farms because each poultry farm has its own risk profile for the introduction of pathogens, disease development, and spread of pathogens to other poultry farms (Sims, 2007) . To have a homogenic population of birds at the broiler farm, it is advisable to populate all poultry houses with birds from the same hatchery and breeder farm. Several studies have already pointed out that buying animals from different farms entails a greater risk of introduction of disease-causing agents (Hege et al., 2002) .
Off-Farm Movement of Live Birds (Weight: 11). Each time the lorry driver, the catching team, and their equipment enter the farm for depopulation of the stables there is a risk of introducing pathogens. Equipment such as transport crates has already been associated with spread of disease (Lister, 2008) . Therefore, depopulation must be done in as minimum steps as possible and farm-specific clothing and footwear needs to be assigned to the catching teams (McDowell et al., 2008) . Second, the animal transport vehicles can also spread disease-causing agents because they enter many farms. Epidemiological studies have indicated contaminated livestock lorries as the source of infection for many disease-causing agents (Windsor and Simmons, 1981; Fussing et al., 1998; Rajkowski et al., 1998; Fritzemeier et al., 2000; Hege et al., 2002) . It is recommended that at least the wheels of the transport vehicle are disinfected before entering the poultry farm (Lister, 2008) .
Birds may only be loaded into vehicles that have been thoroughly cleaned and disinfected, after removing dead animals, litter, and droppings from another flock. If not, pathogens can spread between different poultry farms.
Feed and Water Supply (Weight: 8). Besides lorries that can act as a mechanical vector, the feed can also be a source of infection. The feed can be contaminated with, for example, Salmonella spp., Escherichia coli, Clostridium spp., Aspergillus spp., and mycotoxins. The contamination of the feed can occur at different times during the production, storage, or transport (Lister, 2008) . Also, drinking water is an important potential source of disease transmission. It is important that water is stored in a well-closed reservoir to avoid contamination via dust, wild birds, or rodents (Lister, 2008 ).
The quality of the drinking water is also influenced by the presence or absence of biofilms in the water pipes. Biofilms form a safe haven for bacteria to grow, and therefore regular monitoring of the drinking water and cleaning of the pipes with products that are capable of removing biofilms is recommended.
Removal of Manure and Dead Animals (Weight: 7). Cadavers are always a potential source of infectious material. Animals often die due to an infection and become a source of infectious material. It is therefore strongly advised to remove cadavers as soon as possible from the stables (Meroz and Samberg, 1995) and to store them in a well-insulated and cooled place at sufficient distance from the poultry house(s) (Evans and Sayers, 2000) .
The cadaver storage room has to be located in such a way that the rendering company can collect the cadavers without entering the farm because rendering vehicles have previously been associated with spread of diseases (McQuiston et al., 2005) . After the collection of the cadavers, it is advisable to thoroughly clean and disinfect the cadaver storage room.
Litter can be highly contaminated at the end of the production cycle by all kinds of pathogens; it is therefore advised not to store litter at the poultry farm (Lister, 2008) .
Entrance of Visitors and Personnel (Weight: 11). Humans may also act as mechanical vectors of several different pathogens. Therefore, the number of visitors of the stables should be limited to the necessary (Lister, 2008) Hobby poultry flocks generally have lower biosecurity levels mainly due to the poor infrastructural hygiene and the poor confinement against the outdoor environment (Van Steenwinkel et al., 2011) . Therefore, contact should be avoided with persons that interact with (foreign) backyard poultry.
Not only the number of visitors but also the number of animal caretakers per poultry house should be limited (Refrégier-Petton et al., 2001) . Especially when one caretaker is responsible for multiple poultry houses (Kapperud et al., 1993) , pathogens can be easily transmitted between these houses.
Accordingly to the risk of introducing pathogens into the flock, the use of a hygiene lock for each poultry house is very helpful. The hygiene lock aims to prevent the risk of mechanical transmission of pathogens through human beings (Vangroenweghe et al., 2009) . Several studies have shown the benefit of taking hygienic measures before entering the poultry house (van de Giessen et al., 1998; Evans and Sayers, 2000) .
Supply of Materials (Weight: 7). In addition to persons and vehicles, instruments can also serve as disease transmission vectors. To prevent the transmission of pathogens from one herd to another, it is wise to use farm or stable-specific instruments.
To prevent contaminated equipment from being brought into the company by contractors (ladders, tools, and so on; Vieira et al., 2009) , it is advised that this type of equipment is already present and available for use at the farm (Lister, 2008) . Therefore, contractors are able to use farm-specific equipment.
Infrastructure and Biological Vectors (Weight: 11). Pathogens can be introduced on the farm by rodents, wild birds, and insects but also via pet animals and other farm animals.
Rodents may serve as biological as well as mechanical vectors of pathogens (Amass and Baysinger, 2006) . They may spread infections both within and between neighboring farms. It has been clearly demonstrated that rodents are an important vector of Salmonella Typhimurium and Salmonella Enteritidis (Liljebjelke et al., 2005; Lister, 2008) . No equipment, weeds, or waste should be piled up against the outer stable walls and feed should be stored in a vermin-free place to discourage rodents from nesting in the vicinity of the stables (Lister, 2008) .
Wild birds are associated with numerous pathogens including avian influenza virus, Newcastle Disease virus, Myxoplasma spp., Campylobacter spp., Salmonella spp., Yersinia spp., and Mycobacterium avium. Ventilation holes need to be closed with wire mesh and spilled food in the vicinity of the poultry house should be cleaned up. Ponds or lakes in the surrounding of poultry houses need to be covered with a mesh to discourage migratory birds (Lister, 2008) .
Putting birds on range is strongly discouraged because of the possibility of direct contact with wild birds (Lister, 2008 ). If this is not possible, an increased disease surveillance is advised.
Insects can act as a vector for a variety of pathogens; for example, litter beetles have been associated with the spread of Gumboro, Campylobacter spp., Salmonella spp., and Marek's disease (Lister, 2008) . Flies have been associated with the spread of Campylobacter spp. between poultry houses (Graham et al., 2008) . Therefore, biological vectors need to be controlled through insecticides, parasiticides, and so on or other measures need to be taken to control the insect population (e.g., a mesh in front of air inlets). Measures must not only be taken in and around poultry houses, but also in the hygiene lock because Refrégier-Petton et al. (2001) has described an increased risk for Campylobacter spp. infection in broiler farms in the presence of litter beetles in the hygiene lock.
Certain pathogens can be transmitted between different farm animal species. Keeping pigs in the vicinity of poultry houses has already been associated with the transmission of avian influenza, methicillin-resistant Staphylococcus aureus and Campylobacter jejuni (Peiris et al., 2001; Ninomiya et al., 2002; Boes et al., 2005) . The transmission of Campylobacter jejuni has also been described between ruminants and poultry (van de Giessen et al., 1996 Giessen et al., , 1998 Boes et al., 2005) . Furthermore, it should be taken into account that also other pathogens such as Salmonella Typhimurium frequently occur in pigs, poultry, and ruminants (Wall et al., 1995) , and transmission between these species cannot be excluded.
Also, housing different types of poultry (e.g., waterfowl and chickens) on the same farm should be strongly discouraged given that some pathogens can be low pathogenic for some poultry species but highly pathogenic for others and can cause severe diseases (Tablante, 2008) .
Location of the Farm (Weight: 7). The farmer has no real control over the location of his poultry farm, and usually cannot change it easily. However, this does not alter the fact that several important pathogens can be transmitted through air (Hartung and Schulz, 2007) . Poultry density in the vicinity of the farm is an important factor for those pathogens for which transmission is density dependent (Truscott et al., 2007) . A good example is Mycoplasma spp., for which it has already been shown that this pathogen can spread via the wind (Bradburry and Morrow, 2008) and under favorable conditions can remain infectious for a long time (Hartung and Schulz, 2007) .
To reduce the likelihood of airborne transmission between poultry farms, the distance to the nearest neighbor should be at least 500 m and preferably >1 km. When poultry farms are close to each other, attention should be paid to the predominant wind direction. Not only industrial poultry farms but also backyard poultry can pose a risk (Lister, 2008; Van Steenwinkel et al., 2011) .
Besides the presence of another poultry farm in the vicinity, animal transport along the public road can also form a risk for the introduction of pathogens via air (Graham et al., 2008; Vieira et al., 2009 ). In some cases, litter is spread on nearby arable lands, containing a risk for the spread of many pathogens such as Gumboro disease virus, avian influenza virus, and infectious bronchitis virus (Lister, 2008) . When spreading contaminated litter in the vicinity of a susceptible flock, the risk of infection varies depending on the wind direction, the presence of vermin and wild birds, and the possible spread through executive personnel and used equipment (Vieira et al., 2009 ).
Internal Biosecurity (30/100)
Disease Management (Weight: 10). Disease management consists of vaccinating susceptible birds, a strict euthanasia policy, removing dead birds from the stables, and controlling the stocking density.
Vaccination is an important control measure for many diseases that are ubiquitously present (Sims, 2007; Cserep, 2008) . Besides reduced losses due to morbidity and mortality, vaccination also contributes to animal welfare (Morton, 2007; Cserep, 2008) .
Morbid animals need to be euthanized. Such animals form a threat for other susceptible poultry due to the continuously spreading of pathogens. Also, because of animal welfare, such animals need to be euthanized.
The poultry stocking density influences the severity of a disease outbreak (Sims, 2007) . A high stocking density induces stress, which results in an increased susceptibility to infections and an increased excretion of pathogens. Many infected poultry in a small area entail a sharp increase in the infection pressure. Reducing the stocking density is already proved to be an effective measure for the control of infectious proventriculitis in broilers (Kouwenhoven et al., 1978) .
In addition to the risk of transmission, stocking density also influences production results. Recent research associated a high stocking density with a reduced quality of bone and muscle formation, which resulted in an increased prevalence of bowed legs and fractures. Foot quality also deteriorates, and a shorter latencyto-lie period and a higher frequency of contact dermatitis such as hock burn has been associated with high stocking densities. At the end of the production cycle, daily weight gain will be less when compared with lower stocking densities (Van Poucke et al., 2010) .
Cleaning and Disinfection (Weight: 13). Cleaning and disinfecting is of great importance for the control of diseases in poultry. It should be avoided for chicks to come in contact with litter, dust, feathers, and other debris from the previous flock (Meroz and Samberg, 1995) . Some pathogens can survive for a long time in the environment without the presence of poultry (Jeffrey, 1997; Butcher and Miles, 2012) . Therefore, the following steps of the complete cleaning and disinfection protocol should be carried out between 2 production cycles: dry cleaning, wet cleaning, disinfection, vacancy period, and monitoring the efficacy (Meroz and Samberg, 1995) . Not only the interior of the stables (including the drinking and feeding lines) but also the environment around the stables may form a potential reservoir for several pathogens including Campylobacter spp. (Studer et al., 1999) . Therefore, the hardened environment around the stables need to be cleaned as well. The findings of latter study also show the importance of taking hygienic measures before entering the poultry house (see above).
Materials and Measures Between Compartments (Weight: 7). Stable equipment that is used on the entire herd can also cause the spread of pathogens. A brush and a shovel can easily be contaminated with feces that can contain infectious material. It is therefore recommended to use different equipment in different sections and make sure that this equipment is clearly recognizable (different colors) to avoid moving equipment from one section of the herd to another. The same rule can be applied to clothing, for exactly the same reason. Also, washing and disinfecting the hands between stables reduces the risk of transmission of pathogens.
Preliminary Results of the Scoring System
Out of 41 broiler farms, 15 farmers (37%) agreed to participate in this study. During the study, 2 farmers sold their poultry farm and therefore were not audited twice. Reasons for nonparticipation were: not interested (32%), no time (7%), and not willing for several other reasons (24%). The 15 participants were distributed throughout Flanders.
However, the distribution of the participating broiler farms did not match the proportional spread of broiler farms in Flanders. For example, in the pilot group, only 1/15 broiler farms was situated in West Flanders, whereas according to Viaene (2012) 221/590 broiler farms are situated in this region.
The majority of the questions were easily understood by the farmers, and only some minor vocabulary adjustments were made to improve the clarity of the questions.
On average, the external biosecurity score (64/100) was lower than the internal biosecurity score (73/100) during the first biosecurity audit (Table 2) . Within the category of external biosecurity, the following 3 subcategories had the lowest average scores: supply of materials (43/100), feed and water supply (44/100), and off-farm movement of live animals (58/100). In the subcategories of the external biosecurity, infrastructure and biological vectors (81/100), entrance of visitors and personnel (75/100), and location of the farm (74/100) obtained the highest average scores. Within internal biosecurity, disease management (81/100) obtained the highest score, whereas cleaning and disinfection (67/100) had the lowest score.
The implementation of extra biosecurity measures based on the given advice after audit 1 resulted in an overall improvement of the biosecurity scores during audit 2 (Table 2) . Although the external biosecurity score improved on average by 5 points (69/100), it remained lower than the internal biosecurity score, which improved on average by 4 points (77/100). The highest increase in biosecurity scores was found for the following subcategories: purchase of 1-d-old chicks and materials and measures between compartments. Both subcategories gained 8 points.
Technical Performance and Antimicrobial Use
During the study 2 out of the 15 participating broiler farms did not complete the entire study; therefore, only the results of the 13 remaining broiler farms were taken into account. The data on technical performance during the 2 audits are presented in Table 3 .
At the time of the second audit, the mortality during the first week had risen from 1.08 to 1.27%, but the total mortality decreased from 3.54 to 3.05%. The average daily growth remained the same between the 2 audits (57 g/d), but the feed conversion decreased by 0.1 points. Consequently, the economical production efficiency or PI increased by 14 points.
Also for AMU differences were found between the 2 audits. During the first audit, a large variation was found between the different broiler farms with regard to AMU. The lowest TI was seen on broiler farm 13 (TI = 21), whereas broiler farm number 9 had the highest AMU (TI = 337). The average TI at the time of the first audit was 192, this means that on average 192 out of 1,000 animals received one daily dose of antimicrobial drugs. Another way to interpret the TI is that 19.2% of the total production time all birds were medicated. At the time of the second audit the AMU was reduced on 9 farms, resulting in an average TI equal to 136. This means that there was an average reduction of AMU with 29% (Table 4) .
DISCUSSION
This study has attempted to develop a risk-based quantitative tool to measure the biosecurity level at broiler farms in a standardized and reproducible manner. The Biocheck.UGent scoring system enables us for the first time to quantify the biosecurity at herd level, taking into account all relevant aspects of biosecurity. In contrast to other biosecurity questionnaires in which no weights were given to the different measures, it is now possible to differentiate between high and low biosecurity farms based on the type of preventive measures that are applied and not only upon the amount of measures. At the same time, the Biocheck.UGent scoring system can be used as a motivational and didactic tool for the farmer. Bottlenecks in the biosecurity management are highlighted, and by comparing the results of the farm to the national averages a farmer can benchmark his situation. Benchmarking of results has already proven to increase the awareness of social issues (e.g., antimicrobial use in livestock) and to stimulate farmers to improve the current farm situation on their farm (Onis E., 2013) . Besides the possibility of benchmarking results, the website contains a lot of information concerning the different (sub)categories.
Despite the fact that the Biocheck.UGent scoring system and the associated weights are based on a thorough literature study, previous comparable exercises in pig production (Laanen et al., 2013) , and the opinion of an expert panel, the attributed weights remain a subjective estimation of the importance of the different preventive measures. However, the scoring system can be seen as a valuable tool to monitor the biosecurity level of broiler farms over time. Different poultry farms can easily be compared with one another and each farm can be followed up in time when the same scoring system is used. If the biosecurity scoring system is used throughout the country, the biosecurity level could be mapped out and high risk areas for the spread of diseases identified. This may be helpful in case of epidemic disease outbreaks and makes target surveillance possible.
The results obtained from the pilot group cannot be easily extrapolated to the region of Flanders because the pilot group only consists of 15 broiler farms. In addition, the distribution of the participating broiler farms do not match the proportional spread of broiler farms in Flanders. Therefore, a larger number of herds should be scored before good estimations of the average situations can be obtained. This effort will certainly be done in the near future for Belgium and likely also for other European countries.
Although broiler farms were selected on a voluntary basis, a large variation was found between the biosecurity scores of the different farms, showing that, despite the fact that the poultry production sector is sometimes perceived as one of the most advanced sectors of animal production in relation to biosecurity, there is still a lot of improvement possible (Table 2) . Similar results were found in the study of Van Steenwinkel et al. (2011) . In general, the internal biosecurity scores was higher than the external biosecurity scores, contrary to the porcine livestock industry where external biosecurity scores (65/100) are on average higher than the internal biosecurity scores (52/100; Laanen et al., 2013) . For poultry, this difference between the external and internal biosecurity scores can be partly explained by the fact that there are less preventive measures for internal biosecurity in comparison with the external biosecurity. Therefore, high scores reaching the maximum score of 100/100 can be more easily obtained for internal biosecurity.
This innovative tool allows us to study, in a quantitative manner, the relationship between biosecurity, health, and production characteristics, as has recently also been done for pig production (Laanen et al., 2013) . This type of study is of great importance to be able to demonstrate in an objective and quantitative manner the importance of biosecurity measures in preserving the health of animals. During this study, a substantial AMU reduction of 29% was obtained without having negative effects on the technical production results. The technical results even improved because PI increased by 14 points. Although this improvement of production results and the reduction of AMU were obtained after optimizing biosecurity at the broiler farms, this does not mean that statistically significant relationships were found between biosecurity, health, and production characteristics. Due to the limited data set caused by the small number of participating broiler farms, only descriptive statistics were performed. However, the preliminary results shows a promising trend between biosecurity and AMU, and further research should be performed to investigate whether biosecurity can have a large effect on AMU or not.
